We report on broadband observations of CTA 102 (z = 1.037) during the active states in 2016-2017. In the γ-ray band, Fermi LAT observed several prominent flares which followed a harder-when-brighter behavior: the hardest photon index Γ = 1.61 ± 0.10 being unusual for FSRQs. The peak γ-ray flux above 100 MeV (3.55 ± 0.55) × 10 −5 photon cm −2 s −1 observed on MJD 57738.47 within 4.31 minutes, corresponds to an isotropic γ-ray luminosity of L γ = 3.25 × 10 50 erg s −1 , comparable with the highest values observed from blazars so far. The analyses of the Swift UVOT/XRT data show an increase in the UV/optical and X-ray bands which is contemporaneous with the bright γ-ray periods. The X-ray spectrum observed by Swift XRT and NuSTAR during the γ-ray flaring period is characterized by a hard photon index of ∼ 1.30. The shortest e-folding time was 4.08 ± 1.44 hours, suggesting a very compact emission region R ≤ δ × 2.16 × 10 14 cm. We modeled the spectral energy distribution of CTA 102 in several periods (having different properties in UV/optical, X-ray and γ-ray bands) assuming a compact blob inside and outside the BLR. We found that the high-energy data are better described when the infrared thermal radiation of the dusty torus is considered. In the flaring periods when the correlation between the γ-ray and UV/optical/X-ray bands is lacking, the γ-ray emission can be produced from the interaction of fresh electrons in a different blob, which does not make a dominant contribution at lower energies.
INTRODUCTION
The blazars are the most extreme class of radioloud active galactic nuclei (AGNs) in their unification scheme. Blazars are emitting electromagnetic radiation ranging from radio to High and Very High Energy γ-ray bands (HE; ≥ 100 MeV and VHE; ≥ 100 GeV) characterized by rapid and high-amplitude variability which can be explained assuming the jets are oriented close to the line of sight of the observer (a few degrees) and the nonthermal plasma moves with relativistic velocities along the jet (Urry & Padovani 1995) . Blazars are grouped into two large sub-classes, Flat Spectrum Radio Quasars (FSRQs) and BL Lacertae objects (BL Lacs), on the basis of different emission line properties, which are stronger and quasar-like in FSRQs and weak or absent in BL Lacs. An alternative classification method is based on the luminosity of the broad emission lines (or accretion disc) measured in Eddington units: when L BLR /L Edd ≥ 5×10 −4 the objects are FSRQs otherwise they are BL Lacs Sbarrato et al. 2012 ). The multi-wavelength studies have shown that the Spectral Energy Distributions (SEDs) of both types of blazars consist of two broad humps, peaking in the IR-X-ray (low-energy component) and in the MeVTeV bands (HE-component) . The low-energy component is well explained by synchrotron emission from relativistic electrons in the jet, whereas the nature of the HE-component is less well understood as several different emission mechanisms can be responsible for that emission (e.g., see Sikora et al. (2009) ). The simplest explanation scenario is the synchrotron selfCompton (SSC) radiation, where the soft synchrotron photons are inverse-Compton-up-scattered by the same electrons that have produced the synchrotron emission (Ghisellini et al. 1985; Bloom & Marscher 1996; Maraschi et al. 1992) . As FSRQ jets are in an environment with a stronger external radiation field which can be beamed and enhanced in the frame of the jet, the inverse Compton scattering of external photons too can contribute to the observed HE emission (B lażejowski et al. 2000; Sikora et al. 1994) . Alternatively, if the protons are efficiently accelerated in the jet (beyond the threshold for pion production), the HE emission can be also explained by the interaction of energetic protons (Mücke et al. 2003; Mücke & Protheroe 2001) . After the lunch of Fermi Large Area Telescope (Fermi-LAT) several thousand blazars were detected in the γ-ray band which opens new perspectives for investigation of the broadband emission from them. The observations indirectly show that the γ-rays can be produced either close to or far from the central black hole. As the γ-ray emission regions are very compact, inferred from extreme short time scale variabilities (e.g., in minute scales Ackermann et al. (2016) ; Foschini et al. (2011 Foschini et al. ( , 2013 ; Nalewajko (2013) ; Brown (2013) ; Rani et al. (2013) ; Saito et al. (2013) ; Hayashida et al. (2015) ) and that there is a sharp break in the GeV γ-ray spectra of some blazars (Poutanen & Stern 2010a) , the emission is most likely produced within the broad-line regions (BLRs). On the other hand, the recent detection of ≥ 100 GeV photons from several FSRQs (Ahnen et al. 2015; Aleksić et al. 2014 Aleksić et al. , 2011 implies that the γ-ray emission region should most likely be beyond the BLR in order to bypass strong absorption of VHE photons (Poutanen & Stern 2010a; Liu & Bai 2006) . Unfortunately, the angular resolution of γ-ray instruments is not high enough (and will not be in the near future) to resolve and localize the γ-ray emission regions which makes it difficult to determine the exact origin of γ-ray emission from blazars as the jet dissipation can occur at any distance from the central black hole. Among the FSRQs detected by Fermi-LAT, the powerful GeV γ-ray emitter CTA 102, z = 1.037 (Schmidt 1965) , is flaring frequently, its γ-ray flux sometimes exceeding 10 −5 photon s −1 cm −2 . CTA 102 is a luminous, well-studied highly polarized quasar (Moore & Stockman 1981) having variable optical emission (Pica et al. 1988) . It has been initially identified by Compton Gamma Ray Observatory mission as a γ-ray emitter (the flux > 100 MeV being (2.4 ± 0.5) × 10 −7 photon s −1 cm −2 ), and then it is being included in all the point source catalogs of Fermi-LAT (Acero et al. 2015) . Since 2016, CTA 102 was in the enhanced emission state in the UV/optical, X-ray and HE γ-ray bands (Casadio et al. 2015; Balonek et al. 2016; Chapman et al. 2016; Popov & Bachev 2016; Ciprini 2016; Bulgarelli et al. 2016; Ciprini 2017; Becerra et al. 2016; Minervini et al. 2016; Carrasco et al. 2016 ) with several prominent γ-ray bright periods. Considering the available large amount of multi-wavelength data which allows to constrain the emitting region size and location, magnetic field and electron energy distribution, etc., CTA 102 is an ideal object for exploring the physics of FSRQ jets.
In this paper, we analyze the Swift UVOT/XRT, NuS-TAR and Fermi-LAT data collected from 2016 to 2018 to study the broadband emission from CTA 102. The data collected for the analysis and its reduction methods are described in Section 2. The spectral changes in different bands during the flaring and low state is discussed in Section 3. The broadband SED modeling is presented in Section 4 and Results and Discussion in Section 5. The conclusion is summarized in Section 6. In the present paper we use the publicly available Fermi-LAT data acquired in the period from 01 January 2016 to 09 January 2018 when large-amplitude flares of CTA 102 were observed. Fermi Science Tools v10r0p5 was used to analyze the data with P8R2 SOURCE V6 instrument response function. Only the 100 MeV -300 GeV events extracted from a 12
• region of interest (ROI) centered on the location of CTA 102 [(RA,dec)= (338.139, 11.720)] have been analyzed. However, the results were checked by repeating the same analyses selecting ROI radii of 10
• and 15
• . To eliminate the Earth limb events, the recommended quality cuts, (DATA QUAL==1)&&(LAT CONFIG==1) and a zenith angle cut at 90
• were applied. After binning the data into pixels of 0.1
• × 0.1 • and into 34 equal logarithmically-spaced energy bins, with the help of gtlike a binned likelihood analysis is performed. The model file describing ROI was created using the Fermi-LAT third source catalog (Acero et al. 2015 ) (3FGL) which contains sources within ROI+5
• from the target, as well as Galactic gll iem v06 and iso P8R2 SOURCE V6 v06 diffuse components. All point-source spectra were modeled with those given in the catalog, allowing the photon index and normaliza- tion of the sources within 12
• to be free in the analysis. Also, the normalization of diffuse background components are free. To check if there are new γ-ray sources in the ROI, a Test Statistics (TS) map (TS defined as TS = 2(logL − logL 0 ), where L and L 0 are the likelihoods whether or not the source is included) is created with gttsmap tool which places a point source at each pixel and evaluates its TS. In the TS map, there are new hotspots (pixels) with TS > 25 (5 σ) which possibly hints at the presence of new sources. For each new hotspot we sequentially added a new point source with a power-law spectral definition. For the further analysis the model file containing these additional point sources is used. In the whole-time analysis, the γ-ray spectrum of CTA 102 was first modeled using a log-parabola (Massaro et al. 2004) as in 3FGL and then assuming a power-law shape. The latter will be used in the light curve calculations, as shorter periods will be considered and a power law can be a good approximation of the spectrum. During the analysis of each individual flare a different model file obtained from the analyses of the data accumulated during one/two-month periods covering the flares was also used. An unbinned maximum likelihood analysis was performed using (0.1 − 300) GeV photons with the appropriate quality cuts mentioned above, to obtain the γ-ray light curves. Since no variability is expected from the underlying background diffuse emission, we fix the normalization of both background components to the best fit values obtained for the whole time period. Initially, the light curve was calculated with the help of an adaptive binning method. At regular (fixed) time binning, the long bins will smooth out the fast variation while short bins might result in many upper limits during the low-activity periods. In the adaptive binning method, the time bin widths are adjusted to produce bins with constant flux uncertainty above the optimal energies (Lott et al. 2012 ) meant to find rapid changes in γ-ray fluxes. The adaptively binned light curve with 15% uncertainty and above E 0 = 156.1 MeV in Fig.  1 shows several bright γ-ray states: from MJD 57420 to MJD 57445 and from MJD 57700 to MJD 57900. The peak flux of (2.52 ± 0.42) × 10 −5 photon cm
with a photon index of Γ = 1.99 ± 0.15 was observed on MJD 57738.47 within 4.31 minutes with a convincingly high ∼ 20.0σ. It corresponds to a flux of (3.55 ± 0.55) × 10 −5 photon cm −2 s −1 above 100 MeV which ∼ 221 times exceeds the average γ-ray flux given in 3FGL (≃ 1.60 × 10 −7 photon cm −2 s −1 but the source is variable with a variability index of 1602.3 in 3FGL). In addition, we used gtfindsrc tool to determine the best coordinates of the γ-ray emission in this period, yielding (RA,dec)= (338.115, 11.746) with a 95% confidence error circle radius of r 95 = 0.06. These coordinates are offset only by 0.03
• from the γ-ray position of CTA 102, indicating that it is the most likely source of the emission. The hardest photon index of 1.61 ± 0.10 (22.56σ) was observed on MJD 57752.45 within 9.46 minutes, which is significantly harder than the mean photon index observed during the considered period, Γ mean = 2.22. In the adaptively binned light curve there is a hint at flux changes in minute scales. For example, the interval of MJD 57737.88-MJD 57739.00 (∼ 1.13 days), contains 67 adaptive bins each having a width of the order of a few minutes and a detection significance of > 14.3σ. Another such active period was observed on MJD 57752.0, though the time bin widths were a few tens of minute. Many times during the considered period, the source flux exceeded 10 −5 photon cm −2 s −1 , mostly observed during the extremely active period from MJD 57736.4 to MJD 57798.46 as well as a few times on MJD 57439.0 and MJD 57862.0. During these periods, the photon flux and index vary within (1.01 − 2.52) × 10 −5 photon cm −2 s −1 and 1.61 − 2.56, respectively, the minimum and maximum bin widths being 4.31 and 194.54 minutes and the detection significance varying from 13.18σ to 22.61σ. Fig. 1 b) shows the γ-ray light curve > 1 GeV (2 days; red color) and > 10 GeV (7 days; blue color) with a noticeable increase in the flux, the peaks being (2.32 ± 0.10) × 10 −6 photon cm (6.43±0.94)×10 −8 photon cm −2 s −1 , at 2-day and 7-day binning, respectively. Above 10 GeV, among 105 total bins only in 36 the detection significance is at least 4σ, but, e.g., on MJD 57741.0 and MJD 57748.0 it is as large as ≃ 29σ, N pred varying within 46 − 55. The γ-ray photon index variation above 0.1 and 10 GeV is shown in Fig. 1 c) with red and blue colors, respectively. There is an obvious hardening above 0.1 GeV, when the photon index changed to Γ ≃ 2.0, during the most bright periods of the source. The mean γ-ray photon index above 10 GeV is Γ mean = 3.41 but on MJD 57776.0 Γ = 1.79 ± 0.55 with 7.85σ. The γ-ray photon index versus flux is presented in Fig.  2 for adaptive (orange) and 2-day binning (blue; > 0.1 GeV). When 2-day intervals are considered, there is a hint of spectral hardening as the source gets brighter. In the γ-ray band such behaviour has been already observed from several blazars (e.g., PKS 1502+106 (Abdo et al. 2010d) , PKS 1510-089 (Abdo et al. 2010b) , sometimes from 3C 454.3 (Ackermann et al. 2010) , etc.) and radio galaxies (e.g., NGC 1275 (Baghmanyan et al. 2017) ). Such evolution of spectral index and flux is expectable when accelerated HE electrons are cooled down (e.g., (Kirk et al. 1998) ). It is hard to see similar relation in the case of adaptive bins as the bright periods last shorter, leading to larger uncertainties. The linearPearson correlation test applied to 2-day and adaptively binned intervals yielded r p = −0.569 and r p = −0.533, respectively, the p-value being << 10 −5 . This suggests negative correlation between the flux and photon index, i.e., as the flux increases, the photon index decreases (hardens). The distribution of highest energy events (> 10 GeV) detected from CTA 102, calculated using the gtsrcprob tool is presented in Fig. 1 f) . Most of the HE photons are observed during MJD 57700-57800 with the maximum of 97.93 GeV detected on MJD 57773.34.
Swift UVOT/XRT observations
The data from seventy Swift (Neil Gehrels Swift observatory) observations of CTA 102 carried out from 01 January 2016 to 09 January 2018 have been analyzed. The exposures range from 0.3 ks (ObsID:33509083) to 3.14 ks (ObsID:33509095) and most of the observations were made in the photon counting and only two in the window timing mode. The XRT data were analyzed with XRTDAS (v.3.3.0) using standard procedure and the most recent calibration databases. Events for the spectral analysis were selected within a 20 pixel (47 ′′ ) circle with the source at the center, while the background region as an annulus with the same center and having inner and outer radii of 51 (120 ′′ ) and 85 pixels (200 ′′ ), respectively. The count rate in some observations was above 0.5 count s −1 implying pile-up in the inner part of the PSF. This effect was removed by excluding the events within a 3 pixel radius circle centered on the source position. The Cash statistics (Cash 1979) on ungrouped data was used as for some observations the number of counts was low. However for the observations with a high count rate, the results were also cross-checked by rebining to have at least 20 counts per bin and then fitted using the χ 2 minimization technique. The individual spectra were fitted with XSPEC v12.9.1a adopting an absorbed power-law model with N H = 5.35 × 10 20 cm −2 column density, ignoring the channels with energy below 0.3 keV and above 10 keV. Fig. 1 d) shows the X-ray flux evolution in time (the corresponding parameters are presented in Table 1 ), where its gradual increase contemporaneous with the γ-ray flux around MJD 57750 can be seen. The highest flux of F 0.3−10 keV ≃ (6.71 ± 0.21) × 10 −11 erg cm
observed on MJD 57759.69 exceeds the average flux (≃ 1.2 × 10 −11 erg cm −2 s −1 ) ∼ 5.6 times. A relation between the unabsorbed X-ray flux and photon index is represented in the insert of Fig. 2 . A trend of a harder spectrum when the source is brighter can be seen. Such harder-when-brighter trend in the X-ray band was already observed from several FSRQs (e.g., PKS 1510-089 (Kataoka et al. 2008; D'Ammando et al. 2011 ), 3C 454.3 (Vercellone et al. 2010 and etc.) which can be described if assuming the electrons are losing energy mainly through interaction with the external photon fields (e.g., (Vercellone et al. 2011) ). The data from the second instrument on board the Swift satellite, UVOT, was used to measure the flux of the source in the UV/optical bands. Photometry was computed using a five-arcsecond source region around CTA 102 and for the background -a source-free annulus centered on the source position with 27 ′′ inner and 35 ′′ outer radii. The magnitudes were computed using UVOTSOURCE task, then corrected for extinction, using the reddening coefficient E(B-V) from Schlafly & Finkbeiner (2011) and the ratios of the extinction to reddening A/E(B-V) for each filter from Fitzpatrick (1999) then converting to fluxes, following Breeveld et al. (2011) . The flux measured for V, B, U, W 1, M 2 and W 2 filters is shown in Fig. 1 e) . Even if the available data are not enough for detailed studies, it is clear that up to ∼ MJD 57720 the source was in a relatively faint state in the optical/UV band but its flux significantly increased during the bright flaring period around ∼ MJD 57750. This is in agreement with the recent results by Raiteri et al. (2017) which show that the source emission in the optical band increased in late 2016 with a 6-7 magnitude jump as compared with the minimal state. The maximum flux in the R− band was observed on 28 December 2016 (MJD 57750) with a peak luminosity of 1.32 × 10 48 erg s −1 . In addition, the radio monitoring (at 37 GHz) showed that the peak in this band is much earlier than the one in the R-band, inferring these emissions were produced in different locations of the jet.
NuSTAR observation
In the hard X-ray band (3-79 keV), CTA 102 was observed once on 30 December 2016 by NuSTAR with a net exposure of ∼ 26.21 ks, when it was bright in the X-ray and γ-ray bands. The raw data (from both Focal Plane Modules [FPMA and FPMB; (Harrison et al. 2013) ] were processed with the NuSTAR Data Analysis Software (NuSTARDAS) package v.1.4.1 (via the script nupipeline), producing calibrated and cleaned event files. The events data were extracted from a region of 75 ′′ centered on the source position, while the background was extracted from a nearby source free circular region with the same radius. The spectra were binned so to have at least 30 counts per bin and fitted assuming an absorbed power-law model. The best fit resulted in Γ X = 1.32 ± 0.005 and F 3−79 keV ≃ (2.94 ± 0.02) × 10 −10 erg cm −2 s −1 with χ 2 = 0.97 for 1131 degrees of freedom. The corresponding spectra for FPMA and FPMB are shown in Fig. 3 . The γ-ray (2-day (> 0.1 and > 1.0 GeV), 7-day (> 10.0 GeV) and adaptive binned (> 156.1 MeV)), X-ray (0.3-10 keV) and UV/optical fluxes variation in time are shown in the a), b), c), d) and e) panels of Fig. 1 . There is an evident major γ-ray flux increase accompanied by moderate brightening in the Xray and UV/optical bands. The variability in different bands is quantified using their fractional rms variability (F var ) amplitude (Vaughan et al. 2003) , resulting in F var = 0.511±0.008 for X-ray band and correspondingly 0.920 ± 0.006 and 0.984 ± 0.004 for the γ-ray light curves with adaptive and 2-day (> 0.1 GeV) binning, implying much stronger variability in the γ-ray band. This variability is even stronger when the light curves with 2-day (> 1.0 GeV) and 7-day (10.0 GeV) bins are used (excluding correspondingly 20 and 69 periods with upper limits in them), since F var = 1.61 ± 0.01 and 1.18 ± 0.06, respectively. The rapid variability in the γ-ray band can be further investigated by fitting the data with the double exponential form function to obtain the time profiles of the flux variations. However we note that the double exponential form function is not unique and the flare time profiles can be reproduced also by other functions (e.g., see Abdo et al. (2010c) ). As the main purpose of the current fit is only to estimate the rise and decay times, we fit the light curves with the following function (Abdo et al. 2010a ):
The light curves variability
where t 0 is the time of the flare peak (F 0 ) and t r and t d are the rise and decay times, respectively. Each light curve was fitted with the non-linear optimization python package lmfit 1 using a function that contains two inverses of the sum of exponentials (corresponding to the number of flares). The active (bright) periods identified in the adaptively binned light curve are analyzed with normal time sampling and only the periods when the rise and decay times can be well constrained are considered. Accordingly, the periods from MJD 57734 to MJD 57740 and from MJD 57840 to MJD 57870 (Fig. 4) divided into 6-and 12 hour bins respectively are selected; the detection significance in each bin is > 5σ and the plot of Npred/ √ Npred vs Flux/∆Flux shows linear correlation, so the likelihood fit converged for each time bins. The identified four peaks are sequentially numbered from 1 to 4 (F1-F4). The fit is shown in Fig. 4 and the corresponding parameters are given in Table 2 . The average flux level (F c ) is left free during the fitting and the corresponding values are presented in Table 2 . The flares 1-3 have rise times longer than the fall, and only F4 shows the opposite tendency. The symmetry of the flares can be quantitatively estimated by calculating the parameter of ξ = (t d − t r )/(t d + t r ) as defined in Abdo et al. (2010a) which ranges from −0.64 to −0.46 for F1-3 and 0.62 for F4, implying these are moderately asymmetric flares. The shortest e-folding times for rise and decay are t r = 0.17 ± 0.06 and t d = 0.21 ± 0.03 day 2 observed during F2 and F4, respectively. During F4, when the highest flux was observed within 4.08 ± 1.44 hours, the flux increased up to (2.52 ± 0.26)× 10 1 https://lmfit.github.io/lmfit-py/ 2 in Table 2 e-folding times are given, the doubling or halving timescales can be computed by t r,d × ln2
SPECTRAL EVOLUTION
A "Light curve/SED movie" is made for a better understanding of the spectral evolution in different bands. For each adaptively binned interval, using the estimated photon index and flux, the γ-ray spectra are calculated by dividing the (0.16-300) GeV interval into five logarithmically equal bins. These γ-ray spectra are combined with the UV/optical/X-ray (if available) data to make SEDs. As moving from bin to bin, the spectra in all bands can be compared and their evolution in time seen. The movie is uploaded here youtu.be/K9WWWSy6W8U, where the time period from MJD 57620 to MJD 57950 coinciding with the most active γ-ray emitting state is presented. Up to ≃ MJD 57730, the emission from the source had a soft photon index Γ ≥ 2.0 and a maximum flux around ≃ 10 −10 erg cm −2 s −1 , which afterwards exceeded 10 −9 erg cm −2 s −1 with hard γ-ray photon indices. Starting from MJD 57765, the flux dropped to its original level and the γ-ray photon index softened. Around MJD 57800, when the flux increased again, the photon indices were Γ ≃ 2.0, implying a flat spectrum of the source in (ν − νF ν ) representation. These spectral evolutions once more confirm a harder-when-brighter trend.
Spectral analysis
The data from the following periods are considered for the spectral analyses: low state (when the source was not flaring in the γ-ray band): when X-ray and γ-ray fluxes were in their average levels: from Swift observations, Obsid: 33509078, 33509079, 33509085, 33509086 and 33509091 were analyzed by merging them to increase the exposure and statistics as they have similar X-ray flux and photon indices while a few intervals, when the source flux exceeded 9 × 10 −7 photon cm −2 s −1 , were excluded from the contemporaneously obtained γ-ray data. This period corresponds to the pre-flaring state, allowing to investigate the source emission spectrum before the major flare.
Period 1 (P1): MJD 57625.06-57625.39 when the source was in the bright γ-ray state coinciding with XRT observations (Obsid: 33509022 and 33509023, merged during the analyses).
Period (P2): MJD 57738.02-57738.08, bright γ-ray period coinciding with the Swift Obsid: 33509106. a γ-ray photon index from likelihood analysis. Period 5 (P5): ≃ 14.66 min period centered on MJD 57862.15, corresponding to another peak of γ-ray emission and available quasisimultaneous Swift observation on the next day (Obsid: 33509121).
During the unbinned likelihood analyses of Fermi-LAT data, the spectrum of CTA 102 has been modeled using a power-law function with the normalization and index as free parameters. Then, the SEDs are calculated by fixing the power-law index of CTA 102 and running gtlike separately for smaller energy bins of equal width in log scale. For the spectral analyses the Swift data were binned to have at least 20 counts per bin and then fitted using χ 2 minimization technique. Then, in order to increase the significance of individual points in the SEDs calculations, a denser rebinning was applied, restricting the energy range to > 0.5 keV. The results of analyses (both X-ray and γ-ray) are given in Table 3 and the corresponding spectra shown in Fig. 5 . The γ-ray emission spectra in the low state extended up to ∼ 10 GeV with a soft photon index of Γ = 2.39 ± 0.03 while it hardened during the flares, e.g., Γ = 1.81 ± 0.08 during P5. There is an indication of deviation of the model with respect to the data above several GeV during P3 (cyan data in Fig. 5 ). An alternative fit with functions in the form of
−(α+βlog(Eγ /E br )) were applied to check whether the curvature in the spectrum is statistically significant. The first fit resulted in α = 1.64±0.09 and E cut = 3.84 ± 1.21 GeV which is preferred over the simple power-law modeling (comparing log likelihood ratio tests) with a significance of 4.81 σ. The second fit with α = 1.58 ± 0.10 and β = 0.21 ± 0.05 is preferred with a significance of 5.2 σ. The breaks in the emission spectra can be expected from pair production in BLR (Poutanen & Stern 2010b) or can be related with the breaks in the emitting electron spectra (Abdo et al. 2010e ). The possible origin of the curvature in the GeV spectra should be investigated deeper, with more detailed spectral analyses of single as well as several flaring periods, which is beyond the scope of the current paper. Fig. 5 shows the broadband SEDs of CTA 102 in its low and active periods together with the archival radio-X-ray data (light gray) from ASI science data center. The WISE IR data are highlighted by red asterisk which are most probably due to the torus emission as the recent studies show that the detection rate of almost all γ-ray blazars was high in the WISE all-sky survey (Massaro & D'Abrusco 2016) . The comparison shows that during the considered periods the fluxes in the optical/X-ray and γ-ray bands exceed the averaged archival data: the increase is more significant in the optical/UV band. This increase in all bands is expected as the selected periods correspond to the pre-flaring, flaring and post flaring states, and the source shows different emission properties as compared with the averaged spectrum. Comparing our selected period i) the low-energy component increased while its peak frequency remained relatively constant (≤ 10 15 Hz), ii) the second component increased and shifted to HEs with a strong Compton peak dominance and iii) the UV/optical, X-ray and γ-ray fluxes contemporaneously increased in P2, P3 and P4, while the emission in the UV/optical and X-ray bands was relatively constant in P1 and P5. The blazar flares can be explained by the changes in the magnetic field, in the emitting region size and its distance from the black hole, bulk Lorentz factor, particle energy distribution, etc. (Paggi et al. 2011) . For example, both emission components will be shifted to HEs when the particles are effectively re-accelerated. Only the HE component will increase when the contribution of the external photon fields starts to dominate, for example, due to the changes in the location of the emitting region (Paggi et al. 2011 ). However, these are not unique models for explaining the flaring events. Another possibility is the geometrical interpretation of the origin of flares, the case when the jet regions may have different viewing angles. Such a model with a twisted inhomogeneous jet was already applied to explain the emission from CTA 102 jet in the optical, infrared and radio bands (Raiteri et al. 2017) . The photons of different energy come from the jet regions which have different orientations (hence, different Doppler boosting factors) because of the curvature of the jet. The SEDs obtained in the low state, P1 and P5 showing different features, and in the bright P2 have been modeled. In order to account for Compton dominance, we assume the bulk Lorentz factor (δ which equals to the bulk Lorentz factor for small viewing angles, δ ≃ Γ) of the emitting region increased from 10 in the low to 20 in the active states (these are typical values estimated for FSRQs (Ghisellini & Tavecchio 2015) ). When the SEDs in the low state and in P2 are modeled, the emission from a compact region inside and outside the BLR is discussed. Instead, when modeling the periods with lacking correlation in the γ-ray and UV/optical/X-ray bands, we assume the emission from the radio to X-rays is produced in the extended and slow-moving region unrelated to the flaring component, while the HE γ-rays come from a compact and fast-moving region outside BLR ).
BROADBAND SEDS

Modeling the SEDs
The SEDs are fitted within a leptonic scenario that includes synchrotron/Synchrotron Self-Compton (SSC) (Ghisellini et al. 1985; Bloom & Marscher 1996; Maraschi et al. 1992) and External Inverse-Compton (EIC) (Sikora et al. 1994 ) models. A spherical emission region ("blob") with a radius of R and B magnetic field carries relativistic electrons with a
min where E ′ min is the minimum electron energy. The size of the emitting region can be inferred from the observed e-folding timescale of 4.08 hours from the R ≤ δ c t/(1 + z) ≈ δ × 2.16 × 10 14 cm relation. For the extended emission component, a region with a ten times larger radius (≃ 4 × 10 16 cm) will be used. The low-energy component is modeled by synchrotron emission while for the Inverse Compton (IC) scattering the photons from synchrotron emission, from BLR and dusty torus will be taken into account. The density of BLR (u BLR ) and dusty torus (u dust ) are calculated as functions of the distance r from the black hole by the formulae, (e.g., Sikora et al. (2009) 
The estimated size and luminosity of BLR correspondingly are r BLR = 6.73 × 10 17 cm and L BLR = 4.14 × 10 45 erg s −1 (Pian et al. 2005) . The disk luminosity is L disk = 10 × L BLR ≃ 4.14 × 10 46 erg s −1
(assuming its 10% is reprocessed into BLR radiation) then the size and luminosity of torus will be R dust = 10 18 (L disc /10 45 ) 0.5 = 6.43 × 10 18 cm (Nenkova et al. 2008) and L dust = η L disc = 1.24 × 10 46 erg s −1 (η = 0.6, )) a little larger than the value from tentative detection of dust emission in CTA 102 (Malmrose et al. 2011) . Moreover, reproducing the near-IR data presented in Fig. 5 with a blackbody component requires a luminosity of a few times 10 46 erg s −1
in agreement with the value used. We adopt an effective temperature T BLR = 10 4 K for the BLR radiation and T = 10 3 K for dusty torus. The model free parameters and their uncertainties are estimated using a Markov Chain Monte Carlo (MCMC) method. We have modified the naima package (Zabalza 2015 ) and the spectral model parameters have been derived through MCMC sampling of their likelihood distributions. For the model free parameters the following expected ranges are considered: 1.5 ≤ α ≤ 10, 0.511 MeV ≤ E ′ cut, min ≤ 10 TeV, and N 0 and B are defined as positive parameters.
RESULTS AND DISCUSSION
The broadband emission from CTA 102 during its bright period in 2016-2018 was investigated. In the γ-ray band, during several periods the flux exceeded 10 −5 photon cm −2 s −1 with the maximum being (3.55 ± 0.55) × 10 −5 photon cm −2 s −1 (above 100 MeV) observed on MJD 57738.47 which corresponds to an apparent isotropic γ-ray luminosity of L γ = 3.25 × 10 50 erg s −1 (for a distance of d L = 6.91 Gpc). This is one of the highest γ-ray luminosities observed from blazars so far (e.g., see Nalewajko (2013) ). In the proper frame of the jet, the power emitted in the γ-ray band is ∼ L γ /2δ 2 = 4.06 × 10 47 erg s −1 for δ = 20 which is higher than L disk in agreement with the results by Ghisellini et al. (2014) . During this bright period, on a 6-h timescale, the apparent luminosity was ≃ 2.0 × 10 50 erg s −1 with the rate of change L/∆t ≃ 1.89 × 10 46 erg s −2 (using ∆t = 6 h/(1 + z) ≃ 1.06 × 10 4 s), slightly higher than that observed from 3C 454.3 (Abdo et al. 2011) and well above the Elliot-Shapiro relation (Elliot & Shapiro 1974) . The photon index varies as well: the hardest was 1.61 ± 0.10 observed on MJD 57752.45 which is unusual for FSRQs (having an average photon index of 2.4 ), while on MJD 57528.63 it was as soft as 3.08 ± 0.23. The hardest and softest photon indices were observed during the active and low states, confirming the harder-when-brighter trend. The HE photons (> 10 GeV) were mostly emitted during the active period of MJD 57700-57800, the highest energy photon being 97.93 GeV. The fractional variability parameter F var shows that the variability is stronger in the γ-ray band (F var > 0.9), increasing at higher energies. The observed flares are asymmetric which might be due to different relations between particle acceleration and emission timescales. For example, the flares decrease much faster (F1-F3) when the accelerated particles start to escape from the emitting region or the cooling time gradually increases. Whereas, the flare will appear with a fast rise and a slow decay trend (F4) when the fast injected energetic particles loose energy or escape from the regions for a longer time. The observed shortest e-folding time is ≃ 4.1 hours, inferring that the emitting region is compact. However, during the brightest periods of ∼MJD 57738.0 and ∼MJD 57752.0, several minutes of observations were already enough to have > 14.3σ detection significance, implying shorter time scale variability cannot be excluded (see Shukla et al. (2018) for detailed analysis in shorter periods). Contemporaneous increase in the UV/optical and X-ray bands were also observed during some bright γ-ray periods. In the X-ray band (0.3-10 keV), the maximum flux is (6.71 ± 0.21) × 10 −11 erg cm −2 s −1 and the photon index hardens in the bright periods. Comparing the Swift UVOT data obtained in different periods (see Table 4 . For the models applied see the text. Initially, we modeled the SED observed in the low state ( Fig. 6; left panel) . The radio data are treated as upper limits during the modeling, as the emission in this band is produced from the low-energy electrons which are perhaps from much extended regions. We note that the IR flux predicted by the models exceeds the archival IR data ∼ 200 times in the flaring (P2) and 28.7 times in the selected low states (see Fig. 6 ; left panel), implying that the non-thermal synchrotron emission from the jet dominates over the other emission components. When the IC scatterings of both synchrotron and BLR photons are considered, the X-ray data allow to measure E ′ min = 68.25 ± 5.27 MeV and α = 2.51 ± 0.11. In order to explain the observed UV/optical data, a E ′ c = 0.67 ± 0.1 GeV cut-off is required which makes the SSC component to decay in sub-MeV band and the HE data are described only by IC of BLR photons. Alternatively, both X-ray and γ-ray data can be described by IC scattering of BLR photons (dot-dashed gray line in Fig. 6 ) but the low-energy tail of IC spectra can reproduce the X-ray data only if γ min = E e /m e c 2 is close to unity (Celotti & Ghisellini 2008a) . In this case, however, the synchrotron emission of these low energy electrons with E min = 0.54 ± 0.03 MeV will exceed the observed radio flux, making this scenario unlikely.
P2 - Fig. 6 (left panel) shows the modeling of the SED observed in P2, considering the synchrotron and BLR photons (SSC+BLR, solid line) and then only BLR (dashed line) and only torus (dot-dashed line) photons. When the emitting region is within BLR (SSC+BLR), the hard X-ray spectra 1.23 ± 0.05 can be explained only when E ′ min = 227.25 ± 26.43 MeV and α = 2.79 ± 0.44, while E ′ c = 1.32 ± 0.43 GeV and B = 6.10 ± 0.50 G are estimated from the low-energy component. Also, the external photon fields can dominate for the IC scattering as their density will increase Γ 2 times in the jet frame. For example, the required parameters (especially B) can be somewhat softened when only the IC of torus photons is considered (see Table 4 ). In the case of only BLR photons, the low-energy tail of IC spectra will decline at ∼ γ 2 ǫ BLR ≃ 0.52 keV (dashed line in Fig. 6 left panel), contradicting Swift XRT data (unless lower δ is used). This modeling shows that during the bright γ-ray periods the emission can be also produced outside the BLR. At low energies, the model flux overpredicts noncontemporaneous radio data, but when taking the synchrotron self-absorption into account, which dominates below the frequencies ∼ 10 13 Hz (calculated following Rybicki & Lightman (1979) ), the synchrotron flux will be below the radio data. We note that simultaneous observations at low energies, which are missing in this case, are crucial for better constraining of the model free parameters and for deriving some limits/constraints on the source emission properties. As the models presented in Fig. 6 (left panel) predict different spectra and fluxes at GHz or mid-IR range, the observations at these bands can be also used to distinguish between these two models.
P1 and P5 - Fig. 6 (right panel) shows the results of a two-zone SEDs modeling. For the emission from the extended blob we fixed all the parameters, except B and N 0 , to the values obtained from the fitting of the SED in the low state, as in the UV/optical and X-ray bands the flux and photon indices did not change significantly (Fig. 5) . In addition, all the parameters of the compact blob are free, but it is required that its synchrotron emission has no contribution at lower energies. As compared with the low state, the magnetic field in the extended blobs is estimated to be low, 5.05 ± 0.08 G and 3.43 ± 0.05 G for P1 and P5, respectively, implying the modest X-ray flux changes are related with the increase of electron density. The γ-ray emission is produced in the interaction of fresh electrons (hard power law index ≤ 2.1) with the torus photons in the compact, fast-moving and particle-dominated blob U e /U B ≥ 10 4 ( Fig. 6 right panel) . The cut-off energies (defined by the last point in the Fermi-LAT data) should be considered as lower limits, since there is no indication of break in the γ-ray spectra. In Fig. 6 (right panel) the red dot-dashed line shows an alternative modeling, when both X-ray and γ-ray data are modeled by the IC scattering of torus photons. Within such a scenario, the flare is mainly due to the injection/cooling of > 10 GeV electrons, which are affecting only the HE spectra having small contribution to the X-ray band (e.g., the density at lower energies increases due to the cooling of HE electrons). Again, the low energy component should be necessarily produced in a different blob, otherwise its relatively constant peak frequency cannot be explained. 2 U B and L e = πcR 2 b Γ 2 U e (e.g., (Celotti & Ghisellini 2008b) ), is of the order of L jet ≃ 2 × 10 46 erg s −1 in the low state and can be as large as ≃ 3 × 10 47 erg s −1 during the flares. When the low and high energy components are contemporaneously increased the required maximum energy of electrons (E c ) reaches only a few GeV constrained by the low energy data (the energy of synchrotron photons is proportional to ∼ δ B E 2 e ). Therefore, during these intense γ-ray flares, the acceleration mechanisms are not effective enough or the electrons cool faster and do not reach HEs. On the other hand, when the γ-ray and UV/optical/X-ray fluxes are uncorrelated, the γ-rays are perhaps produced in a different part of the jet that contains fresh electrons which can emit up to HE and VHE bands.
CONCLUSIONS
We report the results on the observations of CTA 102 in the UV/optical, X-ray and γ-ray bands from January 2016 to January 2018 when the source was in the bright and active states. Generally, the flares are roughly correlated in all these bands but the variability is more prominent in the γ-ray band with several bright flares when the γ-ray flux is substantially increased and the photon index is hardened, showing a harder-when-brighter trend. The measured hardest photon index Γ = 1.61 ± 0.10 significantly differs from the average γ-ray photon index of CTA 102 and is unusual for FSRQs. The highest γ-ray flux measured by Fermi-LAT is (3.55 ± 0.55) × 10 −5 photon cm −2 s −1
(above 100 MeV) observed on MJD 57738.47, corresponding to an extremely high isotropic γ-ray luminosity of L γ = 3.25 × 10 50 erg s −1 . We discussed the origin of the multiwavelength emission from CTA 102 in the framework of the one-zone and multi-zone synchrotron, SSC and EIC scenarios. We assumed a compact (R ≤ δ × 2.16 × 10 14 cm inferred from 4.08 hours γ-ray flux variation) blob inside and outside the BLR. In a single emitting region, the inverse-Compton up-scattering of both synchrotron and BLR photons can explain the data observed in the low state, whereas the contribution of torus photons is essential in the flaring periods. When in the flaring periods the fluxes in the UV/optical, X-ray and γ-ray bands are unrelated, the two-zone models (with an extended blob inside and a compact fast-moving one outside the BLR) can well explain the observed data under reasonable assumptions on the required parameters. These periods appear to be more favorable for the HE emission from CTA 102 as the emitting electrons have higher cut-off energies and harder power-law indicies. Most likely, the emission in these periods is produced in the regions outside BLR that contain fresh electrons which dominantly
